The aim of the present paper is to provide an application to a real life supply chain context (i.e. the Pirelli Tyre 35
European logistics network) of an integrated logistics network design and optimisation model. Starting from the 36 analysis of supply chain under study and of the configuration problem to be solved, we identified the most suitable 37 approach: a mixed integer linear programming optimisation model endowed with a series of guidelines for gathering 38 and processing all the data necessary to set-up and run the model. The application of the selected integrated design and 39 optimisation model to the Pirelli Tyre case allowed obtaining significant cost savings related to three different service 40 level scenarios. Thus, the applied model could be profitably implemented by supply chain and logistics managers for 41 optimising various operating contexts. Moreover, the exemplified data mapping section represents a useful guideline, 42 which can be applied by practitioners to gather and handle the high volume of data necessary for running the model in a 43 real-life context. In conclusion, being the current state of the art particularly wanting of exhaustive supply chain design 44 models, the implemented integrated approach represents a significant contribution to the existing body of knowledge on 45 supply chain configuration. The aim of the present paper is to provide an application to a real life supply chain 9 context (i.e. the Pirelli Tyre European logistics network) of an integrated logistics 10 network design and optimisation model. Starting from the analysis of supply chain under 11 study and of the configuration problem to be solved, we identified the most suitable 12 approach: a mixed integer linear programming optimisation model endowed with a series 13 of guidelines for gathering and processing all the data necessary to set-up and run the 14 model. The application of the selected integrated design and optimisation model to the 15 Pirelli Tyre case allowed obtaining significant cost savings related to three different 16 service level scenarios. Thus, the applied model could be profitably implemented by 17 supply chain and logistics managers for optimising various operating contexts.
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Moreover, the exemplified data mapping section represents a useful guideline, which can 19 be applied by practitioners to gather and handle the high volume of data necessary for 20 running the model in a real-life context. In conclusion, being the current state of the art 21 particularly wanting of exhaustive supply chain design models, the implemented 22 integrated approach represents a significant contribution to the existing body of 23 knowledge on supply chain configuration. 24 25
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Introduction and background

30
In recent years supply chains have witnessed a restless evolution, due to impressive For these reasons, in the present case study, which concerns with the re-4 5 6 configuration of the European Pirelli Tyre supply chain, we decided to apply linear 7 8 programming and, in particular, the mixed integer linear programming model we 9 10 proposed in a previous work (Creazza et al., 2011) . We decided to choose our model 12 13 since, on the one hand, it is able to deal with multi-commodity and multi-layer supply configuration problem in real-life cases.
24 25
The present paper is organised as follows: an introduction of Pirelli Tyre and 26 27 of its operating context is provided in paragraph 2.1, along with a description of the 28 29 as-is configuration of its European logistics network (paragraph 2.2). Afterwards, we from the present study are discussed in paragraph 5. 
The Pirelli Tyre Case
46
The objective of a logistics network configuration problem is to find a minimal-cost 47 48 configuration of the logistics network able to satisfy product demands at specified accompanied by data gathering and processing guidelines, which allow it to be 57 58 practically implemented. As a consequence, we applied our model to re-configure the 59 60
Pirelli European logistics network. Pirelli Tyre is a multinational automotive tyre manufacturer, headquartered in Italy, echelon network composed by a series of production plants, a set of regional 57 58 distribution warehouses and a number of delivery points. In particular, in the 59 60 configuration problem the company needs to optimise the set of regional distribution linkages between plants and warehouses, and warehouses and delivery points), but 7 8 without modifying the production network, which the company considers as given in 9 10 the medium term horizon.
13
Before presenting the details of the Pirelli Tyre case, we would like to inform 14 15 the reader that all the numerical data shown in the paper have been entirely disguised The products of the different plants basically differ for quality and product density, (FTL) and, finally, the delivery points are supplied by the regional distribution 41 42 43 warehouses according to a single sourcing policy. In details, the regional distribution 44 45 warehouses are owned and run by third-party logistics service providers (3PL) and
47
Pirelli has signed with them three-year logistics outsourcing contracts. The physical (LTL), often through the network of transit points run by the 3PLs. It is worth to 56 57 remind that this last section of the physical distribution process is out of the scope of 58 59 the present work, not being under Pirelli's direct responsibility. As far as the objectives given by Pirelli Tyre to the re-design activity, they are represented by:
 defining the regional distribution warehouses (named as RDW h ) to be included 9 into the new logistics network configuration (such RDW must be selected among warehousing cost (given, in turn, by the sum of housing and handling costs). Pirelli operating context, and we aim at describing how, for the Pirelli Tyre case, we 34 35 applied the data mapping procedure.
38
The input data of the optimisation model selected for the application are the 
56
The model is aimed at minimising the overall logistics cost (primary and 57 58 secondary distribution costs and warehousing costs), fulfilling a required service to be travelled and on the quantity to be shipped. This is a realistic assumption for the practice that the distribution rate defined by the majority of transport service providers
is based on the abovementioned factors (i.e. distance and loaded quantities).
8
Other assumptions in the definition of the model variables concern S j and the 
The constraints of the mixed integer linear programming model are given by constraints the minimum size of a RDW h to be activated (the minimum size is set 45 46 equal to 4,000 square metres since this represents the typical minimum plot size
offered by logistics service providers, on whom Pirelli relies for its warehousing 50 51 activities).
52 53
54
After having described the optimisation model adopted in the Pirelli Tyre case, 55 56
in the following pages we present the numerical implementation of the data mapping 57 58
procedure, whose guidelines are summarized in Table 1 (including the steps, the 59 60
processing instructions, the sources of information along with the suggested support first market area represented in Figure 1 ) the definition of the Austrian ADP j 23 24 25 geographical aggregation is described (see Table 2 , where the characteristics of the 26 27
nine Austrian ADP j in terms of NUTS3 clusters they refer to, demand and location are each of the abovementioned clusters, the demand is calculated as the sum of the 57 58
demands (in kilograms of products) of all the delivery points which belong to that 59 60 specific cluster, i.e. to the corresponding NUTS3 area. In the Austrian case, nine Austrian market. 
Definition of the product mix
34
As far as the product mix is concerned, it is necessary to define the various m p,j
36
percentages, which can be calculated according to expression 7: However, it should be remarked that in the Pirelli Tyre case the products mix served by the h-th RDW, then the demand of that delivery point inherits from that 9 10
specific RDW h the product mix percentages according to which its demand is fulfilled 
An expression similar to expression 9 can be written for all the Austrian ADP j .
17
In particular, it is possible to surmise that each of them is characterized by characterizing the Austrian DP j can be calculated and they are depicted in Table 4 . shown. Tables 6 and 7 respectively represent a portion of the transport accounting It is possible to see from such tables that, in the Pirelli Tyre case, the transport 8 9
accounting sheet reports the transport rates (€/kg) for different weight ranges and 10 11 12 destinations. In this case as well, the values have been disguised for confidentiality 13 14 reasons.
16
In particular, for each destination indicated in destination and RDW 1 , the related €/kg km rate is obtained (see Table 8 ). reported in Table 8 ) against the distance and performing a regression analysis on such 34 35 points, the cost function is derived. It is important to underline that this cost function Moving from the function depicted in Figure 3 , it is possible to derive the average circuity factor is equal to 1.34, with a standard deviation equal to 0.18.
13
Entering in the cost function depicted by Figure 3 with the adjusted distances allows 14 15
the €/kg·km rates referring to the couples given by RDW 1 and each ADP j to be by the adjusted distances between RDW 1 and each ADP j . where all the ADP j must be served within 48 hours. In particular, to fill in the row of such an isochronal zone has been drawn, it is possible to verify which NUTS3 areas to the former NUTS3 areas should be set to 1, to 0 the others (see Table 10 for an 7 8
example focused on the Austrian RDW and including the Austrian, Hungarian, Czech
and Slovakian ADP j ). 
Model validation 21
After having completed the data mapping section implementation, it was then possible 22 23
to solve the configuration problem for the Pirelli Tyre European logistics network.
26
First of all, we decided to test the adherence of the model as well as of the warehousing costs). To this aim we set the decision variables k h and k h,j so as to 34 35 replicate the logistics network structure depicted in Figure 1 . The model provides an effectiveness of the proposed data mapping section.
49
With regard to the development of the model, we had to confront some critical 51 52
points in order to match the real dynamics of the considered operating environment.
54
In fact, some choices regarding the model variables were immediately induced by the considering an average distribution rate based on weight ranges for the shipments 4 5 6
from RDW h to ADP j from the transport accounting reports. However, by deeply 7 8
analysing the reports, we understood that the rates we previously obtained were 9 10 strongly depending on the shipped quantities along the various linkages between 12 13
RDW h and ADP j , since they were closely referred to those specific transport linkages.
15
Then, since in our modelisation it is evident that the transport leg set changes from a 
Outcomes of the optimisation process 40 41
In the present section we report the results of the optimisation process applied 42 43 44 to the Pirelli Tyre case and we then propose a sensitivity analysis aimed at evaluating 45 46 the robustness of the solution obtained for Scenario 2, as it will be explained. 
Numerical results
51 52
We exploited the mixed integer linear programming model to solve the different service level scenarios (S1, S2 and S3) are found. Tyre European logistics network equal to the one returned in the case of scenario S2.
56 57
This is probably due to the fact that the savings in the warehousing costs obtainable 58 59
by the selection of a more efficient set of RDW h (due to the fact that, with an even 60 wider allowed time window, a lower number of warehouses could be potentially the nodes of the network.
13
It is important to underline that the overall warehouse floor space does not and ITR j , which are connected to the ADP j overall demand product mix, which does production of certain products from one or more production plants to another. In 18 particular, the relocations of a 10% and a 15% of product volumes were tested.
19
For confidentiality reasons, in this paper we do not report the details of the plants 20 potentially involved in the production relocation.
22
The results of the sensitivity analysis are depicted in Table 12 , as a % value of 24 25 the base case configuration overall logistics cost (which is considered equal to 100%). As it is possible to see from Table 12 , the maximum percentage difference 34 35 between the overall logistics costs connected to "original solution" and to "new 37 38 solution" (taking as a reference the optimal cost, i.e. the one related to "new The present paper addresses a topical and current supply chain issue, i.e. supply chain 59 60 configuration and optimisation, by means of a case study. In particular, a design and (the Pirelli Tyre European logistics network).
10
In detail, we exhaustively implemented the integrated approach we proposed complexity level (being a multi-product and multi-stage supply chain with more than 35 36 40,000 nodes) and by service level as a pre-eminent critical success factor. In and integer linear programming model) are significant (see Table 10 ). Such a result addition it demonstrates, in more general terms, the effectiveness of the proposed 59 60
method for configuring multi-item, multi-layer logistics networks. We believe that the model we implemented in the present case study could be
profitably applied by supply chain and logistics managers for optimising operating the exemplified data mapping section could represent a useful guideline, which can be implemented integrated approach could represent a significant contribution to the 28 29
existing body of knowledge on supply chain configuration.
31 32
Furthermore, our proposed approach, besides being an optimisation tool for 33 34
configuring/redesigning supply chains, represents also a useful instrument for 35 36 performing scenario and what-if analysis.
39
In fact, the proposed model can be exploited by supply chain managers for environment.
58
On the other hand, supply chain managers, by modifying themselves the negotiating the service level the sales & marketing wants to ensure to their customers.
15
Moving from this statement, supply chain managers could similarly assess the optimisation of production-distribution networks.
22 23
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